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CLAIMS : 

1. A method for characterising DNA, which comprises: 

(i) providing a population of DNA fragments, each fragment 
having cleavably attached thereto a mass label for identifying 
a feature of that fragment; / 

(ii) separating the fragments on the basis of their length; 

(iii) cleaving each fragment in a mass spectrometer to release its 
mass label; and / 

(iv) ; determining each mass label by mass spectroscopy to 
relate the feature of each fragment to the length of the 
fragment . / 




2. A method according to claim 1, which further comprises: 

(a) providing at /least one DNA single -stranded template 
primed with a primer;/ and 

(b) generating the population- of DNA fragments from the at 
least one template, Mierein the population comprises at least one 
series of DNA fragments, the or -each series containing all 
possible lengths or a second strand of DNA complementary to the 
or each template;/ 

wherein the feature of each fragment determined by each mass 
label relates to/ a nucleotide or nucleotide sequence at one end 
of each fragment, so that each nucleotide-, is related to a 
position in the/ template associated with the mass label so as to 
deduce the sequence of the or each template . 

3. A method according to claim' 2, wherein the series of DNA 
fragments is (provided by contacting the template in the presence 
of DNA polymerase with a mixture of nucleotides sufficient for 
hybridising Ito the template for forming a second strand of DNA 
complementary to the template , wherein the mixture further 
comprises a| set of four probes containing all four nucleotides 
for hybridising to the template" in which the nucleotide of. each 
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Probe comprises a modified nucleotide- which is r-^ v , 

pd^j^ and which is cleavably to a ~ 

to the mass label, wnich mass label is uniquely resolvabL 

spectrometry tf identifying the modified Lcl otlS ^ 
wherein each f ragme£ ls term inated wich _ Qf 

template^ meth ° d y CC T din9 C ° wherein the at least one 

template ls a p/urality of te^lates and the series of DNA 
f^ents is prided by contacting eacb template in a separate 
-action zone J the presence of DNA polymerase with a mixture 

formTnc eS /r f£iCient '** "> «» template fo" 

llir a thr C T t Str T ° f ^ the template, 

wherein the mixture further comprises a set of four probes 

IT h a T al f fOUr nUClSOtid - *« hybridising to thTtempla e 
- whxch the/ nucleotide of each probe comprises a modified 

oT^^rit I 3 C3Pable " P — — " «*• -end str^ 
of DNA but blocked to prevent further polymerisation thereto and 
which xs cleivably attached to the mass label, which mass label 
ml^ T F SOlVable ^ maSS ^""metry for identifying the 
of the probJs, and wherein each set of mass labels from each set 

IromTh Pr J eS aSSOCi3ted WiCh each — tion zone is different 
before h ^ ^ — ^els ; and the fragments are pooled 



• A nftethod according to claim -< wherein the at least one 

template is a plurality of templates and the series of DNA 
figments /is provided by contacting each template in a separate 
reaction ione in the presence of DNA polymerase with a mixture 
of nucleotides sufficient for hybridising to the template for 
fonaxng al second strand of DNA complementary to the template 
wherein tie mixture further comprises a probe containing only one 
of the four nucleotides for hybridising to the template, the 

rcatabf °V hl< f Pr ° be COraPriSeS a m0difiSd -^-tide which 
xs capable of polymerising to the second strand of DNA but 
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blocked to prevent further polymerisation thereto, wherein each 
fragment is terminated with/ the probe and wherein either the 
primer or the modified nucleotide of the probe is cleavably 
attached to the mass label, /which mass label is associated with 
the reaction zone and uniquely resolvable in mass spectrometry 
from the mass label in the rather reaction zones for identifying 
the modified nucleotide used in the reaction zone; and the 
fragments are pooled befor/e step (ii) . 



6. A method according to claim 2 -^-wherein the at least one 

template is a plurality/ of templates and the series of DNA 
fragments is provided by/ contacting the plurality of templates 
in each of four separata reaction zones in the presence of DNA 
polymerase with a mixture of nucleotides sufficient for 
hybridising to the temp/Late for forming a second strand of DNA 
complementary to the /template, wherein the mixture further 
comprises a probe containing in each of the reaction zones only 
one of the four nucleosides for hybridising to the template, the 
nucleotide of which paofae comprises a modified nucleotide which 
is capable of polymerising to the second strand of DNA but 
blocked to prevent further polymerisation thereto, wherein each 
fragment is terminated with the probe and wherein the primer is 
cleavably attached po the mass label, which mass label is 
associated with the primer and uniquely resolvable in mass 
spectrometry from tpe mass labels associated with the other 
primers used in the/ reaction zone; and wherein each nucleotide 
from its corresponding reaction zone is related to its position 
in the template. 



7. A method according to claim 2, wherein the at least one 

template is four sets of DNA single -stranded templates, each set 
comprising an identical plurality of DNA single -stranded 
templates and- the series of DNA fragments is provided by 
contacting each set in a separate reaction zone in the presence 

with a mixture of nucleotides sufficient for 
templates for forming a second strand of DNA. 



of DNA polymerase 
hybridising to the 
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complementary thereto, wherein the mixture further comprises a 
probe containing in each of the/ reaction zones only one of the 
four nucleotides for "hybridising to the template, the nucleotide 
of which probe comprises a modiified nucleotide which is capable 
of polymerising to the second strand of DNA but blocked to 
prevent further polymerisation /thereto, wherein each fragment is 
terminated with the probe and/wherein each of the templates of 
the four sets is primed with a/ primer to which the mass label is 
cleavably attached, which maps label which uniquely resolvable 
in mass/ spectrometry from the mass labels corresponding to the 
other templates and which is relatable to its respective template 
and its respective reaction zone, wherein the fragments are 
pooled before step (ii) ,/ and each nucleotide from its 
corresponding reaction zone/ is related to its position in the 
template 



8. A method according to claim 2, wherein the at least one 

template is a plurality of templates and the series of DNA 
fragments is provided by contacting each set of templates in a 
separate reaction zone in /the presence of DNA polymerase with a 
mixture of nucleotides sufficient for hybridising to the 
templates for forming a| second strand of DNA complementary 
thereto, wherein the mixture further comprises a set of four 
probes containing all foiir nucleotides for hybridising to the 
template in which the nucleotide of each probe comprises a 
modified nucleotide which is capable of polymerising to the 
second strand of DNA but blocked to prevent further 
polymerisation thereto «nd which is cleavably attached to the 
mass label, which mass label is uniquely resolvable in mass 
spectrometry for identifying the modified nucleotide, wherein 
each fragment is terminated with one of the probes, and wherein 
each set of mass labels Erom each set of four probes associated 
with each reaction zone :.s different from the other sets of mass 
labels and, before step Wii) , the fragments are pooled and the 
pooled fragments are sorted according to a sub- sequence having 
a common length of 3 to 5 bases adj acent to the primer to form 
an array of groups of sorted fragments, wherein each group is 
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9 . A method according to claim 2 , wherein the series of DNA 

fragments is provided by 

(i) contacting che template in the presence of DNA polymerase 
with a mixture of nucleotides sufficient for hybridising to the 
template for forming a second strand of DNA complementary to the 
template, wherein the mixture further comprises a set of four 
probes containing all four nucleotides for hybridising to the 
templates in which the nucleotide of each probe comprises a 
modified nucleotide which is capable of polymerising to the 
second strand of DNA but reversibly blocked to prevent further 
polymerisation thereto, wherein the step of contacting forms a 
series of templates containing all possible lengths of the second 
strand of DNA, \ each second strand terminated with one of the 
probes ; 

(ii) removing unpolymerised nucleotides; 

(iii) unblocking the modified nucleotides; and 

(iv) contacting the series of templates with an array of 
oligonucleotide probes, wherein each oligonucleotide probe has 
a nucleotide Sequence of common length 2 to 6, all combinations 
of sequences are present in the array, and wherein each, probe is 



cleavably at 
uniquely resc 
nucleotide se 



ached to the mass label, which mass label is 
lvable in mass spectrometry for identifying the 
quence . 



10 . A metiod according to clainv2, wherein the at least one 

■ y" 
template is a plurality of primeoV'DNA single- stranded templates, 

each at a unique concentration, and the series of DNA fragments 

is provided by 

(i) contacting the templates in the presence of DNA 
polymerase with a mixture of nucleotides sufficient for 
hybridising tb the template for forming a second strand of DNA 
complementary \ .to the templates , wherein the mixture further 
comprises a -set of four probes containing all four nucleotides 
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for hybridising to the templates in which the nucleotide of each 
probe comprises a modified nucleotide which is capable of 
polymerising to the second strand of DNA but reversibly blocked 
to prevent further polymerisation thereto, wherein the step of 
contacting forms a series of templates containing all possible 
lengths of the second storand of DNA, each second strand 
terminated with one of the /probes; 

(ii) removing unpolymerised nucleotides; 

(iii) unblocking the modified nucleotides; and 

(iv) contacting the feeries of templates with an array of 
oligonucleotide probes, wherein each oligonucleotide probe has 
a nucleotide sequence of / common length 2 to 6, all combinations 
of sequences are present/ in the array, and wherein each probe is 
cleavably attached to /the mass label, which mass label is 
uniquely resolvable in/ mass spectrometry for identifying the 
nucleotide sequence. 



11. A method according to claim 2, wherein the series of DNA 

fragments is provided jby contacting the template in the presence 
of DNA ligase with a mixture of oligonucleotides sufficient for 
hybridising to the template for forming a second strand of DNA 
complementary to the template," the oligonucleotides each having 
a common length in the range 2 to 6, wherein the mixture further 



comprises 



set 



of probes containing all possible 
oligonucleotides of tthe common length 1 for hybridising to_ the 
templates in which the oligonucleotide of each probe comprises 
a modified oligonucleotide which is capable of ligating to the 
second strand of DNA but blocked to prevent further ligation 
thereto and which is cleavably attached to the mass label, which 
mass label is uniquely resolvable in mass spectrometry for 
identifying the modified oligonucleotide, and the series of 
fragments contains all possible lengths of the second strand of 
DNA of integer multiples of 1, in which each fragment is 
terminated with one of the probes. 
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12. A method according to cla-irifi^27 wherein the at least one 
template is a plurality of primed DNA single- stranded templates, 
each at a unique concentration, and the series of DNA fragments 
is provided by contacting the templates in the presence of DNA 
ligase with a mixture of oligonucleotides sufficient for 
hybridising to the templates for forming a second strand of DNA 
complementary to the tiemplates, the oligonucleotides each having 
a common length in the range 2 to 6 , wherein the mixture further 
comprises a set / of probes containing all possible 
oligonucleotides of /the common length 1 for hybridising to the 
templates in which phe oligonucleotide of each probe comprises 
a modified oligonucleotide which is capable of ligating to the 
second strand of DNA but blocked to prevent further ligation 
thereto and which Is cleavably attached to the mass label, which 
mass label is unii.quely resolvable in mass spectrometry for 
identifying the modified oligonucleotide, and the series of 
fragments contains all possible lengths of the second strand of 
DNA of integer Multiples of 1, in which each fragment is 
terminated with one of the probes . 

13 . A method/ according to claim 5 -J a ^ : ' C la i -fBr~€ , wherein the 
plurality of siiigle-stranded templates is primed by hybridising 
to a known sub- sequence common to each of the templates an array 
of primers each] comprising a base sequence containing a common 
sequence complementary to the known sub -sequence and a variable 
sequence of common length, in the range 2 to 6 t in which the 
array contains f all possible sequences of that common length and 
the mass label! cleavably attached to each primer is relatable to 
the variable sequence, which variable sequence is relatable to 
the particular template to be sequenced 



14 . A method according to claim 8 , wherein the step of 
sorting the pooled fragments comprises contacting the fragments 
with an array of spatially separate oligonucleotides each 
comprising a base sequence containing a common sequence 
complementary to the primer sequence of the fragments and a 
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variable sequence of the common length, which array contains all 
possible variable sequences of the common length. 



-TS . A method according t o^-any -one -of — claims -4 to 7 , wherein 
the reaction zones are separate containers. 

^ : ■ : Qicx>^.;^> 

16 . A method according to^any-~©ne«©^ to 

15, wherein the mixture of nucleotides comprises ATP, T TP , CTP 
and GTP. 

17. A method according to A asy-e^e-^#-H=4ra : im^^ to 

16, wherein the modified nucleotides are dideoxy- or 
deoxynucleo tides . 

18. A method according to^any™©ne-"Xxf wherein 
the primed DNA is immobilised on a solid support. 

19. A method according • to j$t& Y "on e p£ fefa e pr eced iaag^ Syrians , 

wherein the step of separating the fragments on the basis of 
their length is effected by capillary electrophoresis. 

20. A method according to ^ny^©ne-~©£-^ 

wherein each mass label is cleavably attached to a fragment by 
a linker cleavable in a mass spectrometer. - . 



21. A method for? characterising DNA, which comprises 

(a) providing a /primed DNA single -stranded template; 

(b) contacting the template in the presence of DNA polymerase 
with a mixture of nucleotides sufficient for hybridising to the 
template for forming a second strand of DNA complementary to the 
template, wherein/ the mixture further comprises a set of four 
probes containing all four nucleotides for hybridising to the 
templates in which the nucleotide of each probe comprises a 
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modified nucleotide which, is capable of polymerising to the 
second strand of DNA buc reversibly blocked to prevent further 
polymerisation thereto, / wherein the step of contacting forms a 
series of templates cont/aining all possible lengths of the second 
strand of DNA, each second strand terminated with one of the 
probes; 

(c) removing unpo|ymerised nucleotides ; 

(d) unblocking the modified nucleotides; 

(e) contacting.' the series of templates with an array of 
oligonucleotide propes to form a series of fragments, each 
oligonucleotide probe having a nucleotide sequence of common 
length 2 to 6, and /all combinations of sequences being present 
in the array, wherein each probe is cleavably attached to a 
corresponding mass label uniquely resolvable in mass spectrometry 
for identifying the nucleotide sequence; 

(f) separating I the fragments from one another on the basis of 
their length ; 

(g) cleaving ejach fragment to release. its mass label; and 

(h) deterTOiniing each mass label by mass spectrometry to 
relate its corresponding nucleotide sequence to a position in the 
template so as to deduce the sequence of the template 



22. 



A method : 



or characterising DNA, which comprises 
a plurality of primed DNA single -stranded 



(a) providing 
templates, each at a unique concentration; 

(b) contacting the templates in the presence of DNA 
polymerase with a mixture of nucleotides sufficient for 
hybridising to tie template for forming a second strand of DNA 
complementary tc the templates , wherein the mixture further 
comprises a set of four probes containing all four nucleotides 
for hybridising t.o the templates in which the nucleotide of each 
probe comprises a modified nucleotide which is capable of 
polymerising to the second strand of DNA but reversibly blocked 
to prevent further polymerisation thereto, wherein the step of 
contacting forms la series of templates containing all possible 
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lengths of the second /strand of DMA, each second strand 
terminated with one of the probes; 

(c) removing unpolymerised nucleotides ,- 

(d) unblocking the modified nucleotides; 

(e) contacting the series of templates with an array of 
oligonucleotide probes to form a series of fragments, each 
oligonucleotide probe having a nucleotide sequence of common 
length 2 to 6, and all combinations of sequences being present 
in the array, wherein each probe is cleavably attached to a 
corresponding mass liabel uniquely resolvable in mass spectrometry 
for identifying the nucleotide sequence; 

(f ) separating jbhe fragments from one another on the basis of 
their length; 

(g) cleaving ekch fragment to release its mass label; and 

(h) determining the identity and amount of each mass label by 
mass spectrometry/ to relate its corresponding nucleotide sequence 
to a position in its respective template so as to deduce the 
sequence of the template. 



23 . A method! for characterising DNA, which comprises 

(a) providing a primed DNA single -stranded template; 

(b) contacting the template in the presence of DNA ligase 
with a mixture <pf oligonucleotides sufficient for hybridising to 
the template fojr forming a "second strand of DNA complementary to 
the template, tthe oligonucleotides each having a common length 
in the range 2 to 6, wherein the mixture further comprises a set 
of probes containing all possible oligonucleotides of the common 



length 1 for 

oligonucleotide 

oligonucleotid 



hybridising to the templates in which the 
of each probe comprises a modified 
a which is capable of ligating to the second strand 
of DNA but blocked to prevent further ligation thereto and which 
is cleavably attached to a corresponding mass label uniquely 
mass spectrometry for identifying the modified 
oligonucleotide, wherein the step of contacting forms a series 
of fragments containing all possible lengths of the second strand 
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of DNA of integer multiples of 1, each fragment terminated with 
one of the probes; 

(c) separating thj£ fragments from one another on the basis of 
their length; 

(d) cleaving ea^h fragment to release its mass label; and 

(e) determining each mass label by mass spectrometry to 
relate its corresponding oligonucleotide to a position in the 
template so as to deduce the sequence of the template. 

24. A method for characterising DNA, which comprises 

(a) providing a plurality of primed DNA single -stranded 
templates, eacp at a unique concentration; 

(b) contacting the templates in the presence of DNA ligase 
with a mixture of oligonucleotides sufficient for hybridising to 
the templates for forming a second strand of DNA complementary 
to the templates, the oligonucleotides each having a common 
length in the range 2 to 6 V wherein the mixture further comprises 
a set of probes containing all possible oligonucleotides of the 
common length 1 for hybridising to the templates in which the 
oligonucleotide of each probe comprises a modified 
oligonucleotide which is capable of ligating to the second strand 
of DNA buty blocked to prevent further ligation thereto and which 
is cleavably attached to a corresponding mass label uniquely 
resolvable in mass spectrometry for identifying the modified 
oligonucleotide, wherein the step of contacting forms a series 
of fragments containing all possible lengths of the second strand 
of DNA op integer multiples of 1, each fragment terminated with 
one of tpe probes; 

(c) separating the fragments from one another on the basis of 
their length; 

(d) /cleaving each fragment to release its mass label; and 

(e) i determining the identity and amount of each mass label by 
mass spectrometry to relate its corresponding oligonucleotide to 
a position in' its respective template so as to deduce the 

sequence of the template. 

\ 
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. ~. — „_ v a jjiijabe or a set of probes in a method according 



25 . Use of v a pr< 

to^^^anaC-PJas^o-E-- el-ai-rts-— l-^to--^., wherexn each probe comprises a 
modified nucleotide or oligonucleotide which is capable of 
polymerising to a jsecond strand of DNA complementary to the 
template but blocked to prevent further polymerisation thereto, 
which modified nucleotide or oligonucleotide is cieavably 
attached to a mass; lapel for identifying the modified nucleotide, 
and wherein eacjh mas a label is cleavable from the probe in a mass 



spectrometer, as 



esotLvable by mass spectrometry and is relatable 



to its corresponding) Imodified nucleotide or oligonucleotide. 



26. Use of a /feet \ of oligonucleotide primers in a method 

according to / ^Jbj^^ , each primer 

of which comprises a\ mass label cieavably attached to an 
oligonucleotide primer! base sequence for hybridising to a DNA 
single -stranded template to form a primed template, wherein each 
mass label of the set, lis cleavable from the primer in a mass 
spectrometer, is uniquely resolvable in relation to every other 
mass label in the set by\ mass spectrometry and is relatable to 
the oligonucleotide primer base sequence. 



